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economy. The effects of climate
change may pose risks to these
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consequences for the fishing industry
and coastal communities, according to
the 2014 Third National Climate
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GAO was asked to review federal
efforts to address the effects of climate
change on federal fisheries. This report
examines (1) information NMFS and
the Councils have about the existing
and anticipated effects of climate
change on federally managed fish
stocks and challenges to better
understand these effects and

(2) efforts NMFS has taken to help it
and the Councils incorporate climate
information into fisheries management.
GAO analyzed responses to its
questionnaire from all NMFS regions
and the Councils, analyzed seven
nongeneralizable fish species selected
to reflect variation in the potential
effects of climate change, reviewed
relevant documentation, and
interviewed NMFS and Council
officials.
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climate science strategy may be
needed. The agency agreed with
GAO'’s recommendations.
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FEDERAL FISHERIES MANAGEMENT

Additional Actions Could Advance Efforts to
Incorporate Climate Information into Management
Decisions

What GAO Found

The Department of Commerce’s National Marine Fisheries Service (NMFS) and
eight Regional Fishery Management Councils (Council) have general information
on the types of effects climate change is likely to have on federally managed fish
stocks but limited information on the magnitude and timing of effects for specific
stocks. They also face several challenges to better understand these effects,
based on GAO'’s analysis of NMFS and Council questionnaire responses, NMFS
and Council documentation, and interviews with NMFS and Council officials. For
example, NMFS officials said that northern rock sole may adapt to warming
ocean temperatures more easily than other fish species, but it is unknown how
such temperatures may affect the timing of the fish’s life cycle events, such as
spawning. NMFS and Council officials identified several challenges to better
understand potential climate change effects on fish stocks, including determining
whether a change in a stock’s abundance or distribution is the result of climate
change or other factors, such as overfishing in the case of Atlantic cod.

Atlantic Cod

Atlantic cod have experienced a decline in
abundance in recent decades, and warming ocean
temperatures may have contributed to this decline,
according to NMFS and Council officials. However,
the officials said the extent to which changing
temperatures played a role in the decline is unclear
because it is difficult to isolate this factor from
other contributing factors, such as overfishing.

Sources: National Marine Fisheries Service (NMFS) and Regional Fishery Management Council (Council) officials (text);
http://www.fishwatch.gov/ (image). | GAO-16-827

NMFS developed a climate science strategy in 2015 to help increase the use of
climate information in fisheries management. The strategy lays out a national
framework to be implemented by NMFS’ regions but does not provide specific
guidance on how climate information should be incorporated into the fisheries
management process. An NMFS official said that developing such guidance has
not been an agency priority, but as knowledge on climate change progresses
there is a more pressing need to incorporate climate information into fisheries
management decision making. Developing such guidance would align with
federal standards for internal control and may help NMFS ensure consistency in
how its regions and the Councils factor climate-related risks into fisheries
management. In addition, NMFS has not developed agency-wide performance
measures to track progress toward the strategy’s overall objectives, a leading
practice. NMFS officials said they are waiting to finalize regional action plans for
implementing the strategy before determining whether such measures may be
necessary. GAO reviewed the proposed measures in NMFS’ draft regional action
plans and found that they aligned with some key attributes of successful
performance measures. But, most of the measures did not contain other key
attributes, such as measurable targets. By incorporating key attributes when
developing performance measures and assessing whether agency-wide
measures may also be needed, NMFS may be in a better position to determine
the extent to which the objectives of its strategy overall are being achieved.
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1 U.S. GOVERNMENT ACCOUNTABILITY OFFICE
441 G St. N.W.
Washington, DC 20548

September 28, 2016

The Honorable Sheldon Whitehouse

Ranking Member

Subcommittee on Fisheries, Water, and Wildlife
Committee on Environment and Public Works
United States Senate

The Honorable Robert Menendez
United States Senate

The Honorable Jeff Merkley
United States Senate

Commercial and recreational marine fisheries are critical to the nation’s
economy, contributing approximately $100 billion to the U.S. gross
domestic product and supporting more than 1.8 million jobs in 2014."
These fisheries may be vulnerable to the increasing effects of climate
change in the oceans—including physical changes such as warmer
surface temperatures and chemical changes such as higher acidity
levels—which could affect the abundance and distribution of fisheries,
according to the U.S. Global Change Research Program’s 2014 Third
National Climate Assessment.? This assessment also reports that
changes in the abundance and distribution of certain fisheries could have
economic consequences for the communities and industries that depend
on harvesting the affected fish, for example, by reducing the availability of
some commercially and recreationally important fish species.

"National Marine Fisheries Service, Fisheries Economics of the United States, 2014, U.S.
Department of Commerce, National Oceanic and Atmospheric Administration Technical
Memorandum NMFS-F/SPO-163 (Silver Spring, Md: 2016). The information on gross
domestic product and jobs includes data on commercial seafood harvesters, processors,
dealers, wholesalers, distributors, importers, and retailers, as well as recreational fishing
trips and fishing equipment for state and federally managed fisheries. For the purposes of
this report, the terms fisheries and fisheries management refer to marine fisheries that are
at least in part federally managed and include fish and invertebrate species, such as
shellfish.

2Jerry M. Melillo, Terese (T. C.) Richmond, and Gary W. Yohe, eds., Climate Change
Impacts in the United States: The Third National Climate Assessment, U.S. Global
Change Research Program (Washington, D.C.: 2014).
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The federal government serves as a financial backstop to the fishing
industry by providing disaster assistance in the event of a fishery disaster.
For example, a fishery disaster can be declared after the Secretary of
Commerce determines that a commercial fishery failure under certain
conditions has occurred.?® The federal government provided more than
$640 million in federal fishery disaster assistance from 2005 through
2015, according to Department of Commerce data.* The effects of climate
change could negatively affect fisheries and contribute to future fishery
disasters, according to the Department of Commerce’s National Oceanic
and Atmospheric Administration (NOAA).° The effects of climate change,
in general, may also increase the fiscal exposure to the federal
government—Iimiting the federal government’s fiscal exposure by better
managing climate change risks has been on our high-risk list since 2013,

3Under provisions of the Magnuson-Stevens Act and the Interjurisdictional Fisheries Act,
the federal government may provide fishery disaster assistance in certain circumstances.
See 16 U.S.C. §§ 1861a(a), 1864, 4107(b), 4107(d). A commercial fishery failure occurs
when commerce in, or revenue from commerce in, a fishery materially decreases or is
markedly weakened due to a fishery resource disaster, such that those engaged in the
fishery suffer severe economic hardship. There is no standing fund for fishery disaster
relief, so when the Secretary determines that a fishery disaster has occurred, Congress is
to decide whether, and how much, to appropriate in disaster assistance.

“This is the amount that was appropriated for federal fishery disaster assistance under
sections 312(a) and 315 of the Magnuson-Stevens Act or sections 308(b) and 308(d) of
the Interjurisdictional Fisheries Act, according to officials from the Department of
Commerce’s National Oceanic and Atmospheric Administration.

SNOAA cited the potential for climate change to amplify conditions—such as harmful algal
blooms and changes in ocean temperatures—that can negatively affect fish stocks as part
of its justification for its 2016 proposal to establish a fund to improve the environmental
and economic resilience of fisheries declared a disaster by the Secretary. See National
Oceanic and Atmospheric Administration, Budget Estimates Fiscal Year 2017
(Washington, D.C.: 2016).
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in part, because of concerns about the increasing costs of federal disaster
response and recovery assistance.®

NOAA is the lead federal agency responsible for managing commercial
and recreational marine fisheries. Specifically, the Magnuson-Stevens
Fishery Conservation and Management Act of 1976, as amended
(Magnuson-Stevens Act), sets forth national standards for federal
fisheries conservation and management.” Under the act, NOAA’s National
Marine Fisheries Service (NMFS) and eight Regional Fishery
Management Councils (Council) are responsible for fisheries
management and conservation in federal waters.® NMFS generally serves
as the lead agency—in collaboration with partners from the states,
academia, and elsewhere—for developing scientific information on
federally managed fish stocks, including through stock assessments—
reports that contain information on fish biology, abundance, and
distribution.® NMFS and the Councils then use this information to develop

5GAO, High-Risk Series: An Update, GAO-13-283 (Washington, D.C.: February 2013).
We updated the high-risk list again in 2015; see GAO, High-Risk Series: An Update,
GAO-15-290 (Washington, D.C.: Feb. 11, 2015). We previously found that the federal
government does not budget for the costs of supplemental appropriations for relief for
major disasters, and that without proper budgeting and forecasting to account for such
events, the government runs the risk of facing a large fiscal exposure at any time. The
term fiscal exposure refers to the responsibilities, programs, and activities that may either
legally commit the federal government to future spending or create the expectation for
future spending. See GAO, Fiscal Exposures: Improving Cost Recognition in the Federal
Budget, GAO-14-28 (Washington, D.C.: Oct. 29, 2013). Also, see GAQO'’s Federal Fiscal
Outlook webpage (here).

"Pub. L. No. 94-265, § 301(a) (1976) (codified as amended at 16 U.S.C. § 1851(a)).

8The Councils are supported by federal funds and generally comprise NMFS regional
administrators, state officials, and members of the fishing industry and conservation
groups as voting members, as well as other nonvoting members, such as officials from
other federal agencies. The Magnuson-Stevens Act establishes requirements for the
selection of certain voting members for each Council. NMFS provides guidance to the
Councils on how they are to implement their fisheries management responsibilities.

%A fish stock refers to either one species or a complex of comparable species managed as
an entity in a specific geographic area. When possible, NMFS uses biology to help identify
a stock’s geographic boundaries, according to NMFS officials. In some cases, individual
species are managed as multiple stocks, based on geographic location. For example, in
the Alaska region, walleye pollock are managed as four separate stocks based on their
geographic distribution in different areas of the Bering Sea and Gulf of Alaska. This report
primarily uses the term fish stock since this is generally the unit of management for federal
fisheries. In instances where we obtained information at the fish species level, we use the
term species.
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and implement fishery management plans, which contain practices
fisheries managers are to follow in managing each fishery and in setting
annual catch limits.’® Annual catch limits establish the limit on the amount
of fish that can be harvested annually for specific fish stocks.

You asked us to review federal efforts to address the effects of climate
change on federal fisheries management. This report examines

(1) information NMFS and the Councils have about the existing and
anticipated effects of climate change on federally managed fish stocks
and challenges they face to better understand these effects and

(2) efforts NMFS has taken to help it and the Councils incorporate climate
information into the fisheries management process.

To examine information NMFS and the Councils have about the effects of
climate change on federally managed fish stocks and challenges they
face to better understand these effects, we reviewed scientific studies and
other documentation prepared by NMFS, the Councils, and others such
as academics. We also developed a questionnaire of open-ended
questions, which we disseminated to the five NMFS regional offices and
the eight Councils to obtain their views on the information they have
about the effects of climate change on the fish stocks they manage and
any challenges they face to better understand these effects, among other
things. All five NMFS regions and the eight Councils responded.'" We
analyzed their responses to identify key themes, which we attribute in this
report to NMFS and Council officials. In addition, we analyzed a
nongeneralizable sample of seven fish species as case studies.'? We
selected the seven species to reflect a range of potential effects of
climate change and variation in the value and volume of commercial

"OFor the purposes of this report, the term fisheries managers refers to the different
entities involved in making management decisions for federally managed fisheries,
including NMFS and the Councils. In instances where a fishery occurs in both federal and
state waters, NMFS and the Councils may also work with individual states or interstate
regional bodies, such as the Atlantic States Marine Fisheries Commission, in the
management of the fishery.

"NMFS’ regional offices and regional Fisheries Science Centers—which are responsible
for conducting research and providing scientific advice, among other things—worked
together to produce coordinated regional responses to the questionnaire.

2These case studies are intended to provide illustrative examples only and cannot be
projected to the entire universe of fish species.
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harvests, based on NMFS’ commercial fisheries data from 2008 to 2013.
We assessed the reliability of these fisheries data and found them to be
sufficiently reliable for the purpose of selecting case study species.

To examine efforts NMFS has taken to help it and the Councils
incorporate climate information into the fisheries management process,'®
we analyzed the questionnaire responses provided by the NMFS regions
and Councils and reviewed agency and Council documentation, such as
the NOAA Fisheries Climate Science Strategy (Strategy).'* We compared
this information to leading practices in risk management and federal
standards for internal control and assessed the Strategy against leading
practices in strategic planning and performance measurement.' For both
objectives, we also interviewed officials from NMFS’ headquarters and
two regions (Greater Atlantic and Alaska), as well as representatives from
four Councils (New England, Mid-Atlantic, South Atlantic, and North

30ur analysis of steps taken to incorporate climate information into the fisheries
management process focused on the process for setting annual catch limits and related
management actions. The Magnuson-Stevens Act requires the Councils to develop
annual catch limits for each of their managed fisheries, and NMFS officials described this
responsibility as a major part of the fisheries management process. According to NMFS
officials, other fishery management actions (such as managing the conservation of fish
habitat) may follow different processes, which we did not include in our analysis.

4 Jason S. Link, Roger Giriffis, and Shallin Busch, eds., NOAA Fisheries Climate Science
Strategy, U.S. Department of Commerce, NOAA Technical Memorandum NMFS-F/SPO-
155 (Silver Spring, Md: 2015). The Strategy is available here.

SFor leading practices in risk management, see International Organization for
Standardization, /ISO 371000 Risk Management—Principles and Guidelines (2009). The
International Organization for Standardization (ISO) is a worldwide federation of national
standards bodies. ISO 31000:2009 Risk management — Principles and guidelines is
available here. For internal control standards, see GAO, Standards for Internal Control in
the Federal Government, GAO/AIMD-00-21.3.1 (Washington, D.C.: November 1999). We
have revised and reissued our standards for internal control, with the new revision
effective as of October 1, 2015. See GAO, Standards for Internal Control in the Federal
Government, GAO-14-704G (Washington, D.C.: September 2014). For examples of
leading practices in strategic planning and performance measurement, see GAO, Tax
Administration: IRS Needs to Further Refine Its Tax Filing Season Performance
Measures, GAO-03-143 (Washington, D.C.: Nov. 22, 2002); Executive Guide: Effectively
Implementing the Government Performance and Results Act, GAO/GGD-96-118
(Washington, D.C.: June 1996); and Agencies’ Annual Performance Plans Under the
Results Act: An Assessment Guide to Facilitate Congressional Decisionmaking,
GAO/GGD/AIMD-10.1.18 (Washington, D.C.: February 1998).
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Background

Pacific) and the Atlantic States Marine Fisheries Commission.'® To obtain
broader perspectives, we also interviewed representatives from 11
stakeholder organizations selected to reflect geographic diversity and
different types of involvement in fisheries management issues, including
fishing industry groups, conservation groups, and a nonprofit serving
Alaska Natives. Appendix | contains a more detailed description of our
objectives, scope, and methodology.

We conducted this performance audit from November 2014 to September
2016 in accordance with generally accepted government auditing
standards. Those standards require that we plan and perform the audit to
obtain sufficient, appropriate evidence to provide a reasonable basis for
our findings and conclusions based on our audit objectives. We believe
that the evidence obtained provides a reasonable basis for our findings
and conclusions based on our audit objectives.

NMFS—operating through its headquarters, five regional offices, and six
regional Fisheries Science Centers—and the eight Councils are
responsible for managing approximately 470 fish stocks in federal waters
across five geographic regions of the country (see fig. 1 for the NMFS
region and Council boundaries).!” Federal waters generally extend from 3
to 200 nautical miles off the coast of the United States.™ In fiscal year

6\e selected these entities for interviews because they are involved in managing
fisheries in regions of the country that are expected to experience significant effects from
climate change, according to NMFS documentation and our discussions with agency
officials.

""The 470 fish stocks include some stock complexes where comparable species are
managed together as one entity in a specific geographic area. In addition to NMFS’
fisheries management responsibilities, the agency is also responsible for, among other
things, managing marine species listed as threatened or endangered under the
Endangered Species Act.

8Coastal states generally maintain responsibility for managing fisheries in waters that
extend approximately 3 geographic miles from their coastlines. In the 1940s, the federal
government authorized three interstate compacts, each creating a regional interstate
marine fisheries commission to better utilize and protect fisheries within the consenting
states’ jurisdictions. The three commissions represent the Atlantic, Gulf, and Pacific
states, respectively. Legislation passed in the 1980s and 1990s gave the Atlantic States
Marine Fisheries Commission some independent regulatory authority over some species.
This commission is now directly involved in the management of more than 20 fish stocks
in state waters, including some stocks that are concurrently managed by NMFS and the
Councils in federal waters.
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2016, NMFS’ budget for its fisheries science and management activities,
such as conducting stock assessments and developing fisheries

management guidance, was approximately $536.7 million, according to
NOAA budget documents.™®

"SAbout $33.5 million of the approximately $536.7 million was provided to the Councils
and the interstate marine fisheries commissions to support their operating costs.
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Figure 1: Boundaries of National Marine Fisheries Service (NMFS) Regions and the Regional Fishery Management Councils
(Council)
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I:I Federal waters (generally extend from 3 to 200 nautical miles off the coast)

Sources: National Marine Fisheries Service, Fisheries of the United States, 2014 (data); Map Resources (map). | GAO-16-827

Note: The Western Pacific Council includes the Mariana Islands archipelago, American Samoa, and a
range of remote island areas in the central and western Pacific not depicted on this map. Coastal
states generally are responsible for managing fisheries in waters that extend approximately 3
geographic miles from their coastlines, and NMFS and the Councils manage fisheries in federal

waters.
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NMFS has overall responsibility for collecting data on fish stocks and
ocean conditions and for generating the scientific information necessary
for the conservation, management, and use of marine resources.?’ The
agency’s six regional Fisheries Science Centers are the primary entities
responsible for performing this work, and they collaborate with a variety of
partners, such as coastal states, academics, other nations, and members
of the fishing industry in doing so. For many fish stocks, the regional
Fisheries Science Centers analyze the collected data to conduct stock
assessments to estimate, among other things, the size of the population
of a fish stock (i.e., the stock’s abundance) and other population
dynamics.?! In addition, stock assessments contain information on
reference points that can be used to inform management decisions.?
NMFS provides the results of its stock assessments and other analyses,
as appropriate, to the Councils for use in implementing their respective
fisheries management responsibilities.

The Councils are responsible for a number of steps in the fisheries
management process. In particular, the Councils develop and amend
fishery management plans for fish stocks, based on guidelines developed
by NMFS. Fishery management plans identify, among other things, the
conservation and management measures that will be used to manage a
fishery, such as fishing equipment restrictions, permitting policies, and
restrictions on the timing or location of permissible fishing. The
Magnuson-Stevens Act requires the conservation and management
measures in fishery management plans to be based on the best scientific
information available. The Councils submit proposed plans and plan
amendments to NMFS, which is responsible for determining if they are

Owe previously reviewed NMFS’ recreational fisheries data collection efforts. See GAO,
Recreational Fisheries Management: The National Marine Fisheries Service Should
Develop a Comprehensive Strategy to Guide Its Data Collection Efforts, GAO-16-131
(Washington, D.C.: Dec. 8, 2015).

2'we previously reviewed NMFS’ fish stock assessment prioritization process. See GAO,
Fish Stock Assessments: Prioritization and Funding, GAO-14-794R (Washington, D.C.:
Sept. 19, 2014).

2?Reference points provide targets, thresholds, and other decision criteria used in the

fisheries management process, such as determining a numeric threshold that if exceeded
would indicate that overfishing had occurred.
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consistent with the Magnuson-Stevens Act and other applicable laws, and
for issuing and enforcing final regulations to implement approved plans.?

In implementing fishery management plans, the Councils are responsible
for determining the maximum size of each fish stock’s allowable harvest.?*
This is generally done by developing annual catch limits for each fish
stock, that is, the amount of fish that can be harvested in the year. Figure
2 presents an overview of the federal fisheries management process.

2The Magnuson-Stevens Act authorizes the Secretary of Commerce to approve,
disapprove, or partially approve proposed fishery management plans and plan
amendments submitted by the Councils. The Secretary has subsequently delegated this
responsibility to the NOAA Assistant Administrator for Fisheries.

24The Councils do this in consultation with their scientific and statistical committees, which
are advisory bodies made up of members—such as federal and state employees,
academics, and independent experts— who are required to have strong scientific or
technical credentials and experience and are appointed by the Councils.
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Figure 2: General Steps in the Federal Fisheries Management Process

Data collection

The National Marine Fisheries Service (NMFS) and a number of
partners (such as the fishing industry, state agencies, and
academia) conduct research and collect data on fish stocks and
ocean conditions on an ongoing basis to support scientific
analyses and to help evaluate the results of management actions.
Types of data collected can include:

« Catch data — the amount of fish removed from a stock by fishing.
« Abundance data — the number or weight of fish in a stock.

 Biological data — information on fish size, age, growth, mortality,
reproductive rates, and other biological information.

» Ecosystem data — information on habitats, species interactions
(such as predator-prey relationships), physical ocean parameters
(such as ocean temperature), and other environmental
information.

Management actions

NMFS and the Councils use the scientific information from stock e ~
assessments and other analyses to help inform management actions Analysis

related to harvesting federally managed fish stocks, including: . ) ) )
 Setting annual catch limits (the amount of fish that can be NMFS and the Rgglonal Fishery Manageme.n_t Councils (Councl)
harvested in a year). an.alyz_e' d'ata on fl_sh stocks and_ocean conditions to develop
scientific information for use in fisheries management. Such

. Amepding fishery management plans, whi_ch,.among other things, analyses are often performed as part of stock assessments
|dent|fy'm_anagement measures (_such as flsh|_ng season closures (reports that analyze fish population dynamics) and produce key
or restrictions on the number of fish that individuals can catch) to information stch as:
prevent catch from exceeding the annual catch limit.

. 3 . » Estimates of stock abundance, mortality, reproduction, and
+ Determining how to allocate fish stock harvests among fishermen distribution!

(such as dividing a stock’s annual catch limit between the
commercial and recreational sectors or among various gear
groups within a fishery).

+ Determinations of stock status, such as whether a stock is
overfished (its population size is too low) or has experienced
overfishing (its harvest rate is too high).

» Reference points, which are limits and targets that are used to

guide management decisions and assess the status of stocks.

For example, the overfishing limit identifies the catch level

above which overfishing would occur.

Source: GAO analysis of NMFS documentation and information provided by NMFS officials. | GAO-16-827

Note: This figure presents the process for setting annual catch limits and related management
actions. The processes followed for other fishery management actions (e.g., managing the
conservation of fish habitat) may differ from the process depicted in this figure. For example, the
types of data collected and analyzed may vary based on the specific action the data and analyses are
intended to support.
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Climate Change Effects on
Ocean Environments

According to the 2014 Third National Climate Assessment, a number of
physical and chemical changes to the oceans have been observed or are
expected to occur as a result of climate change, largely attributable to
increasing concentrations of greenhouse gases in the atmosphere, such
as carbon dioxide.?® For instance, surface temperatures for the ocean
surrounding the United States and its territories warmed by more than 0.9
degrees Fahrenheit over the past century, according to the 2014
assessment. Changes in ocean temperature have varied, with the oceans
off the coasts of Alaska and parts of the northeastern United States, for
example, warming more rapidly than other areas. The 2014 assessment
notes that warming has several consequences and can lead to a number
of other physical changes in the ocean, such as the thermal expansion of
sea water, which may contribute to rising sea levels. Increases in ocean
surface temperatures may also alter ocean circulation by reducing the
vertical mixing of water that brings nutrients to the surface and oxygen to
deeper waters, which could affect the availability of nutrients and oxygen
for marine life in different locations, according to the 2014 assessment.

Increasing levels of carbon dioxide in the atmosphere have also
contributed to chemical changes in the oceans. According to the National
Research Council, scientists estimate that the world’s oceans have
absorbed approximately 30 percent of the carbon dioxide emitted by
human activities over the past 200 years.?® As atmospheric
concentrations of carbon dioxide increase, the amount of carbon dioxide
in the oceans also increases. The increased uptake of atmospheric
carbon dioxide is resulting in chemical changes in the oceans, including a
decrease in the average pH of surface ocean waters (making seawater
more acidic) and a reduction in the availability of minerals needed by
many marine organisms to build shells and skeletons, according to the
National Research Council. These chemical changes, known as ocean

25Me|i||o, Richmond, and Yohe, Third National Climate Assessment. The primary
greenhouse gases in Earth’s atmosphere are water vapor, carbon dioxide, methane,
nitrous oxide, and ozone.

26National Research Council, Ocean Acidification: A National Strategy to Meet the
Challenges of a Changing Ocean (Washington, D.C.: 2010). The National Research
Council is now known as the National Academies of Sciences, Engineering, and Medicine.
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acidification, may pose risks for some marine species and ecosystems.?’
For the purposes of this report, our discussion of the effects of climate
change refers to both physical and chemical changes in the oceans.

Risk Management as a
Strategy for Managing
Climate-Related Risks to
Fisheries

Broadly defined, risk management is a strategic process for helping
decision makers assess risk, allocate finite resources, and take action
under conditions of uncertainty, such as when faced with incomplete
information or unpredictable outcomes that may have negative impacts.
Risk management is an inherent part of fisheries management, as
fisheries managers often make decisions based on incomplete data and
in the face of uncertainty. Accounting for the potential effects of climate
change injects an additional source of uncertainty and risk into the
fisheries management process. The federal government has recognized
the need to account for climate change risks in its planning and programs
and has called on agencies to take certain actions. For example, the
President issued Executive Order 13653 in 2013, directing federal
agencies to develop or update comprehensive climate change adaptation
plans that among other things identify climate-related impacts on and
risks to an agency’s ability to accomplish its missions, operations, and
programs and describe the actions the agency will take to manage
climate risks.?® Subsequently, the Department of Commerce’s 2014
Climate Change Adaptation Strategy set a goal to incorporate climate
information in the department’s resource management programs and
policies and to take action to reduce vulnerabilities and increase
resilience of marine and coastal natural resources.?®

We have previously reported on risk management in the context of
climate change and identified risks that climate change may pose in a
variety of areas relevant to the federal government, such as infrastructure

27566 GAO, Ocean Acidification: Federal Response Under Way, but Actions Needed to
Understand and Address Potential Impacts, GAO-14-736 (Washington, D.C.: Sept. 12,
2014).

2878 Fed. Reg. 66,819 (Nov. 6, 2013).

29Department of Commerce, Department of Commerce Climate Change Adaptation
Strategy (Washington, D.C.: 2014).
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NMFS and the
Councils Have
Limited Information
on the Magnitude and
Timing of Climate
Change Effects on
Fish Stocks

and federal supply chains.*® We found that leading risk management
guidance recommends a sequence of activities that begins, in part, with
identifying risks. Specifically, the International Organization for
Standardization’s standards on risk management recommend that
organizations such as federal agencies develop, implement, and
continuously improve a framework for integrating risk management into
their overall planning, management, reporting processes, and policies.®'
These standards also state, among other things, that risk management
should be a part of decision making and that it should be based on the
best available information.

We found that NMFS and the Councils have general information about
the types of effects climate change is likely to have on federally managed
fish stocks, but information about the magnitude and timing of effects for
specific fish stocks is limited, based on the responses NMFS and the
Councils provided to our questionnaire, our analysis of NMFS and
Council documentation, and our interviews with NMFS and Council
officials. In addition, NMFS and the Councils identified several challenges
they face to better understand the effects of climate change, such as
determining the extent to which a change in a fish stock’s abundance or
distribution is caused by climate change, natural variation in the oceans,
or other human or environmental factors.

30See, for example, GAO, Climate Change: Future Federal Adaptation Efforts Could
Better Support Local Infrastructure Decision Makers, GAO-13-242 (Washington, D.C.:
Apr. 12, 2013), and Federal Supply Chains: Opportunities to Improve the Management of
Climate-Related Risks, GAO-16-32 (Washington, D.C.: Oct. 13, 2015).

3'International Organization for Standardization, ISO 31000 Risk Management—~Principles
and Guidelines (2009). In addition, federal standards for internal control direct agencies to
assess the risks they face from both external and internal sources, and to identify,
analyze, and respond to relevant risks—including changes in external environmental
conditions—associated with achieving agency objectives. See GAO/AIMD-00-21.3.1. We
have revised and reissued our standards for internal control, with the new revision
effective as of October 1, 2015. See GAO-14-704G.
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NMFS and the Councils
Have Limited Information
on the Magnitude and
Timing of Climate Change
Effects on Fish Stocks

Through our analysis, we found that NMFS and the Councils have
general information about the types of effects climate change is likely to
have on fish stocks, but information about the magnitude and timing of
effects for specific fish stocks is limited. In general, the types of effects
climate change is likely to have include changes in fish stock abundance
and distribution and the timing or location of biological events such as
spawning (the process by which fish reproduce), according to NMFS and
Council officials. These effects will not be uniform across fish stocks but
rather will likely vary, with the abundance of some stocks being negatively
affected and the abundance of other stocks increasing or not being
affected, according to NMFS documentation. Similarly, potential shifts in
distribution will vary, as some fish stocks may respond to changing ocean
temperatures by moving north or to deeper waters in search of the water
temperatures they are accustomed to, but shifts in other directions may
occur as well. Some NMFS and Council officials said that changes in the
timing and location of biological events are also expected to vary between
fish stocks. For example, some fish stocks may spawn at different times
or in different locations under warmer ocean conditions.

In some instances, the abundance or distribution of fish stocks may shift
in response to changes in ocean habitats occurring because of a
changing climate. For example, reductions in seasonal sea ice cover and
warmer ocean surface temperatures may open up new habitats in polar
regions that could lead to shifts in distribution for some fish species,
according to the 2014 Third National Climate Assessment. Furthermore,
warming ocean temperatures and higher acidity levels also affect the
health of coral reefs, which provide essential habitat for many fish
stocks.?? The 2014 assessment reported, for example, that scientific
research indicated that 75 percent of the world’s coral reefs were under
threat from the effects of climate change and local stressors, such as
overfishing, nutrient pollution, and disease. When water is too warm,
corals will expel the algae living in their tissues, causing the coral to turn
completely white—this phenomenon, known as coral bleaching, can
cause coral to die or become more susceptible to disease, which can
subsequently decrease their capacity to provide shelter and other
resources for reef-dependent fish and other ocean life, according to the
2014 assessment.

32For additional information on the effects of higher ocean acidity levels, see GAO-14-736.
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Northern Rock Sole

The northern rock sole is a flatfish with both
eyes on one side of its head. Northern rock sole
live on the ocean floor and prefer a sandy or
gravel ocean bottom. In the United States,
northern rock sole are found from the Puget
Sound through the Bering Sea and the Aleutian
Islands. Northern rock sole are cooperatively
managed by the National Marine Fisheries
Service’s (NMFS) Alaska region and the North
Pacific Fishery Management Council. In 2014,
the commercial harvest for the rock sole fishery
(which includes northern rock sole and southern
rock sole) was valued at approximately $18.2
million, according to NMFS data.

Sources: NMFS documentation (text); http://www.fishwatch.gov/
(image). | GAO-16-827

We found that NMFS and the Councils have limited scientific information
about the magnitude and timing of potential climate change effects for
most fish stocks they manage. For example, officials from one Council
reported that they have very little scientific information specific to how
climate change is currently affecting the fish stocks in their region, or how
those stocks may be affected in the future, with the exception of some
anecdotal information. NMFS and Council officials explained that
scientific information is often lacking to quantify the magnitude and timing
of effects for most individual fish stocks and that their ability to project
future effects at the stock level is generally limited. For instance, NMFS
and Council officials in the Alaska region reported that they have
information sufficient to project potential climate change effects on
abundance for 3 of the 35 primary fish stocks they manage in their
region.®® And, as reflected in the examples below, for those stocks where
they are able to project potential effects, they are uncertain about the full
range of effects those stocks might experience.

« Northern rock sole. NMFS officials in the Alaska region said that
their research on northern rock sole has shown that the juvenile fish
may have increased odds of surviving to become adults under warmer
ocean conditions, which could have a positive effect on their
abundance. NMFS officials said that the research indicates that
northern rock sole can adjust their diets to survive in a variety of
habitats and therefore may be able to adapt to ecosystem changes
such as warming ocean temperatures more easily than other fish
species. In general, NMFS and Council officials from the Alaska
region said that they do not anticipate the effects of climate change on
the abundance of northern rock sole to be significant, but
acknowledged that it is unknown how warming ocean conditions may
affect the timing or location of the fish’s life cycle events, such as
spawning.

33The three fish stocks are northern rock sole, red king crab, and walleye pollock. The
NMFS Alaska region has several efforts under way to better understand the effects of

climate change on the fish stocks it m